Beijing-Tianjin-Hebei is a typical developed region in China. The development of economy has brought lots of carbon emissions. To explore an effective way to reduce carbon emissions, we applied the Logarithmic Mean Divisia Index (LMDI) model to find drivers behind carbon emission from 2003 to 2013. Results showed that, in Beijing, Tianjin, and Hebei, economic output was main contributor to carbon emissions. Then we utilized the decoupling model to comprehensively analyze the relationship between economic output and carbon emission. Based on the two-level model, results indicated the following: (1) Industry sector accounted for almost 80% of energy consumption in whole region. The reduced proportion of industrial GDP will directly reduce the carbon emissions. (2) The carbon factor for CO 2 /energy in whole region was higher than that of Beijing and Tianjin but lower than that of Hebei. The impact of energy structure on carbon emission depends largely on the proportion of coal in industry. (3) The energy intensity in whole region decreased from 0.79 in 2003 to 0.40 in 2013 (unit: tons of standard coal/ten thousand yuan), which was lower than national average. (4) The cumulative effects of industrial structure, energy structure, and energy intensity were negative, positive, and negative, respectively.
Introduction
With global warming increasing rapidly, the issue of the adverse impact of the greenhouse gas with which each country is confronted is serious. China is the largest developing country in the world with rapid economic development accompanying the augmentation of energy consumption and carbon emissions. With the increase in international pressure, China actively responds to climate change issues and determines to develop low-carbon economy. As one of the members of the United Nations Framework Convention on Climate Change (UNFCCC), China possesses an ambitious goal to reduce carbon intensity by 60-65% by 2030, from the level of 2005 in the Intended Nationally Determined Contribution (INDC) in 2015.
The Beijing-Tianjin-Hebei region, part of the large Bohai Bay economic zone, is the most developed economic zone and the largest industrial cluster in North China. Following the success of the Yangtze River Delta (YRD) and the Pearl River Delta (PRD), Beijing-Tianjin-Hebei is the third megaregion of China [1] . The integration of BeijingTianjin-Hebei region has become a major national strategy, defining its function of the area as world-class city group with the core of capital. The gradual expansion of economic scale in Beijing-Tianjin-Hebei region gives impetus to the augmentation of energy consumption and carbon emissions [2, 3] , which directly lead to low economic benefits, environmental pollution, and other problems [4] . The industrial transition is imperative and the optimization of energy structure is urgent. It requires regional coordinated development [5] . In addition, there are few studies about energy-related carbon emissions in Beijing-Tianjin-Hebei region, which affects the degree of research on integrated development.
Currently, there are two most widely used methods to decompose carbon emission factors, namely, structural decomposition analysis (SDA) and index decomposition analysis (IDA) [6] [7] [8] . SDA is used to analyze the influencing factors by using the input-output tables in specific years. Compared to the SDA method, the application of 2 Mathematical Problems in Engineering IDA model is more extensive, which mainly contains the Laspeyres index and the Divisia index. The Laspeyres index approach is easier to understand without the "zero-value" problem, but the decomposition results have large residual terms [9] . Within the Divisia index, the Logarithmic Mean Divisia Index (LMDI) is extensively applied in factor decomposition of energy-related carbon emissions because it has the perfect decomposition and has no unexplained residuals [10, 11] , which was first proposed by Ang and Zhang [12] . The LMDI method has been used in different countries for researching carbon emission, such as France [13] , Latin American [14] , Ireland [15] , Portugal [16] , United States [17] , European Union [18] , Spain [19] , South Korea [20] , and China [21] [22] [23] [24] [25] [26] [27] [28] . Based on the index decomposition methods, the main conclusion is that economic growth was regarded as the largest factor affecting the carbon emissions in China [29, 30] . Song et al. applied the model of LMDI to decompose carbon emissions of Shandong Province into five factors, including energy structure, energy intensity, industry structure, economic output intensity, and energy consumption structure and found that per capita GDP was the largest driver in increasing carbon emissions [31, 32] . To calculate the energy carbon emissions in the Yangtze River Delta region between 1995 and 2010, Song et al. used the LMDI method to analyze the effect of economic scale, population size, energy intensity, and energy structure on carbon emissions [33] . Gao et al. analyzed the influence factors of carbon emissions in Inner Mongolia from 2001 to 2010 by using the LMDI model and revealed that the coaldominated energy structure and the fast-growing economy were the main reasons that influenced the carbon emissions [34] . The LMDI technique was used for the carbon increment of Beijing, and results showed that economic activity was the most important factor of carbon emissions growth [35, 36] . Chen and Lin used LMDI and Kaya extension methods to analyze the factors of carbon emissions in Tianjin during the period of 2005-2011 and concluded that economic output played a positive role in the increase of carbon emissions, while economic structure, energy intensity of the production sectors, and energy mix of the production sectors played negative roles [37] .
In terms of the research content, the study mentioned the main influence factors on carbon emissions. Figure 2 shows that the economic output effect makes the most contribution to the increase of carbon emissions. The annual economic output might be affected by the other factors. Thus, to explain the relationship between the carbon emissions and economic output also has significant meaning to control carbon emissions with the decoupling method. The first decoupling method was provided by Tapio [38] , who presented eight logical possibilities to distinguish state of decoupling. The previous decoupling method with respect to exploring China's carbon emissions was proposed by Freitas and Kaneko [39] , who defined the decoupling indicator based on the influential factors given by index decomposition method. That method was used to analyze the contribution of the factors which influence energy-related carbon emissions in Jiangsu Province over the period 1995-2009 [40] . Based on the LMDI method, Zhang and Da [9] introduced the decoupling index to analyze the decoupling relationship between carbon emissions and economic growth in China.
Thus, the decoupling model based on LMDI method is appropriate to exploring the decoupling analysis, but the underlying causes of the changes of carbon emissions are difficult to find. The decoupling model utilized in this paper was proposed by Vehmas et al. [41] . Vehmas redefined decoupling and simplified decoupling exploration. Based on the LMDI method, the decoupling index can be decomposed into several factors, which may provide deeper explanation of how the carbon emissions change.
The remainder of this paper is organized as follows. Section 2 introduces the decomposition methodology of LMDI and decoupling model as well as data sources. Section 3 presents the different features of carbon emissions, discussion on the key decomposition factors of the carbon emissions based on LMDI, and discussion based on the decoupling index model. The conclusions and policy implications are summarized in Section 4.
Methodology

Decomposition Model.
The LMDI can be expressed as an extended Kaya identity, which was first proposed by Kaya [42] . The original formula decomposed carbon emission into population, GDP, and energy intensity. Following Ang [43] and Wu et al. [44] , the carbon emissions can be formulated as follows:
To research the carbon emissions effectively, the change of carbon emissions between a base year 0 and a target year (Δ ) can be defined into a kind of united effect. According to (1) , the population effect (Δ ), economic output effect (Δ ), industrial structure effect (Δ ), energy intensity effect (Δ ), energy structure effect (Δ ), and carbon emission coefficient effect (Δ ) conclude the united effect. In terms of the LMDI analysis, Δ can be elicited with the formula as follows:
Since the carbon emission coefficient of fuel type has not changed for the years, Δ = 0. Then 
− 1 and represent the base year and the target year, = 3, and = 20. The logarithmic mean of two positive numbers is defined as
In the decomposition process, there would be some conditions such as , = 0 or other = 0 ( denotes any decomposition factor). When the zero value exists, some exceptional cases exist in Table 1 .
To elicit the contribution of each factor affecting carbon emissions, the equation estimating contribution degree of each influence factor was reported as follows:
denotes the contribution degree of the factor affecting carbon emission, > 0 represents the fact that the factor of is attributed to the carbon emission; on the contrary, < 0 suggests that the factor of restrains carbon emission. sgn(Δ ) represents the change orientation of energy consumption carbon emissions. The value is positive when the carbon emission increases, and vice versa. [38] . Vehmas calculation model is adopted to calculate decoupling index in this paper. Decoupling index is a ratio of the change rate of industrial waste gas discharge to the percentage change of GDP in a period of time:
Decoupling Index Model Based on Empirical
+1 , represent industrial waste gas emission in year + 1 and year , respectively; +1 , denote GDP in year + 1 and year , respectively. Then, could be changed into in this paper. denotes the carbon emission. In terms of the primitive result of LMDI decomposition method, economic output effect made an important contribution to the carbon emission. Compared with GDP, the per capita GDP is the more appropriate representative variable of economic growth. Thus, could be replaced with , and denotes per capita GDP. The equation is as follows:
= / ; thus Δ( / ) and Δ( / ) have maintain consistency of sign. The degrees of the decoupling process (Table 2) proposed by Vehmas (2007) could be applied here.
According to the framework shown in Table 2 , six different degrees can be defined.
Decoupling means breaking the connection between energy-related carbon emission and economic performance, which indicates that the proportion of economic output caused by energy consumption is small. Furthermore, it can Coupling means keeping the connection between energyrelated carbon emission and economic performance. It indicates that the regional economic growth mainly depends on the energy consumption. Similarly, it can be divided into three states as strong coupling, weak coupling, and expansive coupling. Strong coupling is the most undesirable state where carbon emission is increasing while economic growth is decreasing.
The Influence Factor
Decomposition of / Based on LMDI Method. The index decomposition model only elicited the degree of decoupling, but the causes of decoupling degree could not be found yet. To better explore the carbon emission issue and provide more appropriate policies for the coordinated development of Beijing-Tianjin-Hebei, this paper combined the Vehmas decoupling model with the LMDI method to decompose the carbon decoupling index. Thus, the influence factors of / could be analyzed based on (2) , and the formula is as follows:
Similar to the decomposition of carbon emissions, Δ denotes carbon emission coefficient effect, Δ denotes energy structure effect, Δ denotes energy intensity effect, Δ denotes industrial structure effect, and Δ denotes population effect. To maintain consistency of analysis approach, let Δ = 0; then
− 1 and represent the year − 1 and the year , = 3, and = 20. The logarithmic mean of two positive numbers is defined as same as (2) . When the zero value exists, some exceptional cases could be elicited in terms of Table 1 .
Combining (9) with (7), CI could be decomposed as follows:
According to (14) , represents the relative contribution of energy structure, energy intensity, industrial structure, and population on the decoupling degree. The higher the absolute value of is, the higher the influence degree the factor contributes. research employed twenty kinds of energies as follows: raw coal, cleaned coal, the other washing coal, Briquette, coke, coke oven gas, blast-furnace gas, converter gas, other coal gas, other coking products, crude oil, gasoline, kerosene, diesel oil, fuel oil, petroleum coke, liquefied petroleum gas, refinery dry gas, other oil products, and natural gas. The energy consumption data employed in this research were collected from China Energy Statistical Yearbook (2001-2014) [48] . The standard coal coefficients and the relevant carbon content value of energies are mainly quoted from GHG Protocol Tool for Energy Consumption in China (2.0) [49] and IPCC [50] . GHG Protocol Tool for Energy Consumption in China (2.0) [49] also offers some reference for the carbon coefficient estimation.
To simplify carbon coefficient estimation process, there was the hypothesis that all of the energy could convert to GHG entirely:
is the carbon coefficient of the fuel type ; is the carbon content value of the fuel type ; HV is the heat value of the fuel type ; 10 −6 is the converted coefficient from gram to ton. This paper estimated the carbon emissions of BeijingTianjin-Hebei region with carbon emission coefficient in the basis of energy consumption, and the formula is as follows:
where denotes the total carbon emissions (in 10 4 ton); denotes energy consumption of fuel type in sector ; denotes carbon emission coefficient of fuel type ; denotes standard coal coefficient of fuel type . In terms of regional diversity, the carbon emissions from energy consumption in Hebei Province accounted for more than 66% in the whole region, which were much higher than those of Beijing City and Tianjin City. The trend of regional overall carbon emissions almost was consistent with Hebei Province. The main reason probably was that over 50% of economic growth in Hebei depends on the secondary industry, while the heavy industry mainly relies on coal as the main energy consumption, which surely leads to large amounts of energy consumption and carbon emissions. 4 t, which were 3.42 and 4.59 times that of Beijing and Tianjin, respectively. In 2013, the carbon emissions in Hebei have reached 16551 × 10 4 t, which were 11.93 times higher than Beijing and 5.44 times higher than Tianjin. The growth rates of energy-related carbon emissions in Hebei Province, Beijing City, and Tianjin City were 204.1%, −12.8%, and 156.7% in 2003-2013, respectively, with average annual growth rates of 11.76%, −1.36%, and 9.89%, respectively. The highest one is Hebei Province.
Results and Discussion
Different Features of Carbon Emissions in
Discussion on the Key Decomposition Factors of the Carbon Emissions Based on LMDI.
According to LMDI model, decomposition factors affecting energy-related carbon emissions in Beijing-Tianjin-Hebei region from 2003 to 2013 were population effect, economic output effect, industrial structure effect, energy intensity effect, energy structure effect, and carbon emission coefficient effect. The annual time series decomposition results, contribution, and cumulative effects in Beijing-Tianjin-Hebei region are shown in Table 3 .
From Figure 2 , the cumulative effects of population and economic output are all positive in Beijing City, Tianjin City, and Hebei Province from 2003 to 2013, which exacerbates the increase of energy-related carbon emissions. The pulling effect of economic output is the largest, which means the economic output acts as the main driving factor to increase the carbon emissions in Beijing, Tianjin, and Hebei. However, the cumulative effects of industrial structure, energy structure, and energy intensity on carbon emission vary among the three regions. In Hebei Province, industrial structure and energy intensity are positive factors in increasing carbon emissions, but they are contrary in Beijing City and Tianjin City. Energy structure is attributed to reducing the carbon emissions in Beijing but increases carbon emissions in Hebei and Tianjin. This paper focuses on the three factors which have different influences on Beijing, Tianjin, and Hebei. By adjusting these factors, we can explore a path for collaborative development in the whole region.
Discussion on the Effect of Industrial Structure.
The annual effects of industrial structure in Beijing, Tianjin, Hebei, and the whole region are shown in Figure 3 . The effect of industrial structure had strong fluctuation in BeijingTianjin-Hebei region. Though the cumulative effect was negative during the studied period, it was also positive in 2004, 2005, 2006, 2008, 2010 , and 2011, which increased the carbon emissions. Meanwhile, it is evident that the trend of regional industrial structure's annual effect is consistent with Hebei Province. But the changes in Beijing and Tianjin are not obvious.
As we can see from Figure 4 , industry sector accounts for almost 80% of energy consumption in the whole region, which may be attributed to the development of the heavy industrialization. Because industry sector accounts for the greatest proportion of energy consumption, we guess that a change in the proportion of GDP in industry sector will directly affect the carbon emissions, and it turns out that the industry structure influences the carbon emission. Figure 5 reveals similar change trends for the annual effect on carbon emissions of industrial structure and the annual share of GDP in industry sector in Beijing-Tianjin-Hebei region. It indicates that the change in industrial output can affect carbon emissions. So the proportion of industry sector in regional economy should be gradually reduced for the decrease in carbon emissions. The government plays a crucial role in promoting a transition both from energy intensive industrial sectors to energy extensive industrial sectors and from low technology industries to high technology industries. And from Figure 5 , we know the share of industry sector in GDP for the whole region does not change much. That may explain that the industrial structure change has minor impact on the emission reduction.
From Figures 6 and 7 , the contribution of Beijing to the regional industry output decreased from 22. 2003 to 57.06% in 2012, and the share in regional energy consumption increased from 65.31% in 2003 to 19.87% in 2012. The proportion is much higher than that in Beijing and Tianjin, which means the economic structure gives first place to the secondary industry. Furthermore, the proportion of industry output is higher than the energy consumption, representing that the economy in Hebei is mainly supported by energy intensive industries, which is unreasonable. In order to achieve the coordinated development in BeijingTianjin-Hebei region, the governments should focus on Hebei Province. Table 3 articulates the fact that, in Beijing-Tianjin-Hebei region, the energy structure plays a relatively minor role in impacting energy-related carbon emissions. From Figure 8 , we can see the energy structure effect decreased the carbon emissions in three years: 2007, 2011, and 2012 and it increased carbon emissions in the rest years. The cumulative effect was positive in the period of 2003-2013. It is obvious that Hebei is the major factor in affecting the whole region. The changes in Tianjin and Beijing were not obvious. And the cumulative effects were negative in Beijing but positive in Tianjin, Hebei, and the whole region.
Discussion on the Effect of Energy Structure.
The average carbon emissions coefficient of energy is the ratio of total carbon emissions to total energy consumption. The carbon emission coefficient of coal is higher than other fuels, which is 1.3 times that of oil and 1.7 times that of natural gas. When the proportion of coal increases, the energy structure tends to be high-carbon, which will in turn increase both the carbon emissions and energy consumption, as well as the average carbon emissions coefficient. And the change in average carbon emission coefficient will reflect the regional energy structure and the change of carbon emissions in turn. From Figure 9 , we know there are some fluctuations therein, and overall there seems to be a rising trend, which represents the fact that the region's energy structure has not been optimized. We also know that Beijing's energy structure is superior to those of the Hebei and Tianjin. The average carbon emission coefficient in Hebei is the highest, which is the main contributor in the whole region.
The energy structure effect on carbon emissions can be explained by timely changes in the region's average carbon emission coefficient. When the average carbon emission coefficient increases relative to the previous year, the energy structure has a positive effect on carbon emissions; that is, it has a pulling effect. Otherwise, it has a negative effect, which acts as a disincentive. The energy average carbon emission coefficient in the whole region shows a rising trend, reflecting the promoting effect of energy structure on carbon emissions.
In Beijing-Tianjin-Hebei region, as we all know, the industry sector accounted for about 80% of total energy consumption during 2003-2013, as shown in Figure 5 . Therefore, the energy structure may be dominated by the fuel share of coal, oil, and natural gas in industry sector. From Figure 10 , we can see the energy structure of the whole region is marked mainly by the consumption of coal, which accounts for about 84%-90%, the same as a traditional high-carbon energy consumption form. During the studied period, the share of coal decreased just in 2007 and 2011 and increased in the other years. Comparing Figure 8 with Figures 9 and 10 , the annual effect of energy structure on carbon emissions reveals similar trends, as well as the change in the average carbon emission coefficient and the annual rate of change in the proportion of coal in industry sector. It indicated that the reduction of coal can inhibit the increase of carbon emissions to some extent. The proportion of oil in terminal energy is about 6%-14% and the proportion of natural gas is just 1%-4%. The proportion of coal and natural gas increased from 84.43% and 1.63% in 2003 to 89.04% and 3.60% in 2013, respectively, and the share of oil decreased from 13.95% in 2003 to 7.36% in 2013. The little change of the proportion of coal, oil, and natural gas may explain why the effect of energy structure is not big.
The shares of coal in Beijing, Tianjin, Hebei, and the whole region are shown in Figure 11 From the above analysis, we know Hebei Province is the main contributor to the regional high share of coal. To optimize the regional energy structure and decrease the carbon emissions, it is necessary to reduce the proportion of coal in industry sector, especially Hebei Province. In addition to that, the government should develop clean energy, such as solar energy and wind energy for the development of low-carbon economy.
Discussion on the Effect of Energy Intensity.
Energy consumption intensity is the ratio of energy consumption to GDP. The annual effect of energy intensity in Beijing, Tianjin, Hebei, and the whole region is shown in Figure 12 . Table 3 reveals that in 2005 and 2007 the energy intensity effect on carbon emissions was positive and negative in the rest years, which means it decreased the carbon emissions. The cumulative effects of energy intensity in Beijing, Tianjin, and the whole region were negative, which was the main driving factor to decrease the carbon emissions. However, the cumulative effect in Hebei was positive. The changes in carbon emissions in Beijing and Tianjin for energy intensity effect were relatively small. Hebei is the main contributor to affecting the carbon emissions in the whole region. Figure 13 shows the change trend in energy intensity of the average level in China, the Beijing-Tianjin-Hebei region, Beijing City, Tianjin City, and Hebei Province from 2003 to 2013. China implemented quite a lot of energy efficiency policies to improve energy efficiency and energy consumption productivity. China's Energy Conservation Law came into force in 1998, and energy efficiency label system was established in 2003. The implementation of those policies promotes the improvement of energy efficiency. As one of the most developed regions in China, the compliance rate in Beijing-Tianjin-Hebei region is relatively high for such energy efficiency policies. It can be proved from Figure 13 . The energy intensity in the whole region is lower than national average. That is to say, the energy efficiency in the developed region is higher than the national average. What is more, we can see the trend in the studied regions is downward from 2003 to 2013. Energy intensity reflects the energy efficiency and economic activity. The decrease in energy intensity implies an improvement in energy efficiency, which includes the technical efficiency and resource use efficiency, especially in industry sector. The energy efficiency in Beijing is better than Tianjin and Hebei, and the worst is Hebei. To improve the regional energy efficiency, Hebei would be the key of the governance. Even though there was a fluctuation in the energy intensity during the period, the energy intensity in Beijing-Tianjin-Hebei region decreased from 0.79 t of standard coal/ten thousand yuan in 2003 to 0.40 t of standard coal/ten thousand yuan in 2013, but the energy intensity in Beijing has reached 0.13 t of standard coal/ten thousand yuan. The energy efficiency is high, which is consistent with the result of Fan and Lei [51] . There is still considerable potential for the whole region to reduce the energy intensity, particularly in industry sector with the highcarbon energy.
Discussion Based on the Decoupling Index Model.
We can explore the relationship between carbon emissions and economic output in Beijing-Tianjin-Hebei region from 2003 to 2013 based on decoupling index. The results are shown in Table 4 . Table 4 2008, the decoupling index sizes of Beijing, Tianjin, and Hebei were relatively smaller than previous years, mainly because a series of energy policies were conducted for the 2008 Olympic Games, which reduced the carbon emissions in Beijing, Tianjin, and Hebei. This phenomenon suggested that the government played the crucial role in the carbon emission reduction in the developing country.
Discussion on Decoupling Index.
Decomposition Analysis of Decoupling Index.
In Beijing, according to Figures 14 and 15 , the decoupling sizes of energy-related carbon emissions and economic output obviously expanded from small to big. The results showed that energy intensity was the major factor to decoupling state. The cumulative effect of energy intensity was −0. 2012. The cumulative effect of energy structure was 0.0776, which had negative effect on the decoupling of energy-related carbon emissions and economic output synthetically. But the energy structure gradually promoted decoupling since 2005, mainly because China green energy industry BBS was held in Tianjin in 2005, which provided a series of significant recommendations regarding chemical and physical power industry to adjust energy structure. The data showed that energy intensity effect and industrial structure effect both contributed to the decoupling of the carbon emissions and economic output, while the industrial structure played a minor role in the decoupling degree. In Tianjin, the energy intensity effect was also the most important driving factor for decoupling. Only in 2005, 2008 , and 2013, did the decoupling indexes represent weak decoupling because of the prominent contribution from energy intensity effect. While the energy intensity subindex became negative or just decreased, the decoupling index would change into negative or decrease simultaneously.
Based on the data showed in Figures 14 and 17 However, the cumulative effect of industrial structure was 0.0279, smaller than the cumulative effect of energy intensity, which was 0.1278. Meanwhile, the energy structure subindexes changed between 0.0015 and 0.0089 during 2004-2009, but it is not the most important factor in inhibiting the decoupling. After 2009, the size of energy structure effect became obvious. In 2013, there was an industry crisis, where industries in Hebei were confronting with the new energy enterprises, such as photovoltaic industry. Thus, the energy structure subindex was 0.0893, which accounted for 88.75% of the decoupling index that year, since Hebei is a traditional agricultural province, with its industry development lower than the national average in other areas, making its energy structure a negative influence on decoupling. The different decoupling states occurred in Beijing, Tianjin, and Hebei and also were partly attributed to the different process and situation of industrialization. Beijing is in the middle-later state of industrialization, and the regional industrial structure and energy structure were relatively appropriate to the development of low-carbon economy. The industrialization degree of Tianjin is the middle periods, and the industrial structure should be further optimized; meanwhile, the energy structure should be adjusted gradually. The industrialization in Hebei started relatively late; then the regional industrialization is still in the earlier stage. The industrial structure and energy structure have not formed a certain scale, both of which need the vigorous expansion. (2) Industry sector accounts for almost 80% of energy consumption in Beijing-Tianjin-Hebei region. The analysis shows that the decrease in the proportion of GDP in industry sector will directly reduce the carbon emissions. And the cumulative effect was negative in the decoupling index.
Conclusions and Policy Implications
(3) In the regional energy consumption, coal accounts for about 84%-90% in industry sector. And the mean carbon emission coefficient in the whole region is higher than that of Beijing and Tianjin, but lower than that of Hebei. The effect of energy structure on carbon emission was mainly affected by the proportion of coal in industry sector. And the cumulative effect was positive in the decoupling index.
(4) The energy intensity in Beijing-Tianjin-Hebei region decreased from 0.79 tons of standard coal/ten thousand yuan in 2003 to 0.40 tons of standard coal/ten thousand yuan in 2013, which is lower than the national average. And the cumulative effect was negative in the decoupling index.
According to the above analysis, we make the following recommendations.
In terms of industrial structure, the energy consumption in industry sector is the highest. The trend of the whole region is mainly consistent with the Hebei Province. Therefore, it is necessary to promote the energy saving and emission reduction in the promise of not affecting the economic development in Hebei Province. The most effective way is industrial upgrading which is upgrading and rebuilding the high energy consumption industry, eliminating the backward production, and optimizing the excess capacity effectively. Hebei should further reenact the industry access threshold and improve the market environment to enhance the support of the tertiary industry, especially in the emerging service of energy, family, pension, information consumption, green credit industry, and so forth. We may realize the optimization and upgrade of productive enterprises relying on industrial park construction, improve the ability of independent innovation, and develop high and new technology industry.
In terms of energy structure, coal is considered as the main energy in Beijing, Tianjin, and Hebei. The energy structure is unreasonable and the cardinality of carbon emissions is large. Through the analysis on decomposition results of energy-related carbon emissions, the reduction of coal can reduce carbon emissions to some extent. Accordingly, energy conservation and carbon emissions reduction work should be focused on the reduction of coal's proportion and the optimization of energy consumption structure. By further analysis, the proportion of coal in Hebei Province is the highest in the whole region, nearly more than 85% in recent ten years. The proportion of coal in Tianjin City is the second in the whole region, more than 48%. And the lowest proportion of coal consumption is only about 20% in Beijing. Therefore, it is necessary to adjust the energy structure of Hebei and Tianjin to reduce the proportion of coal in Beijing-TianjinHebei region. Combined with the relevant data, the coal in Beijing and Tianjin is mainly used for power generation and heating. Therefore, for the whole region, especially in Hebei and Tianjin, it must always adhere to the cleanness use of fossil energy and developing the policies to combine the nonfossil energy. On one hand, Hebei and Tianjin should strengthen the clean utilization of coal, improve the efficiency utilization of coal, and strengthen the processing of carbon emissions at the same time; on the other hand, the region should gradually reduce the proportion of coal and oil in energy consumption, increase the supply of natural gas and the intensity of "coal to gas," and further add the proportion of renewable energy. Moreover, it should actively build a scientific and reasonable multiple complementary energy consumption structure, which significantly cuts down the carbon emissions of energy consumption in Beijing-TianjinHebei region. 
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